Forced-air warming is commonly used to warm patients intraoperatively, but may not achieve normothermia during a short procedure. Comparative trials of a new radiant warming device in general anaesthesia (Suntouch™, Fisher and Paykel, Auckland, New Zealand) have had conflicting results. We conducted a randomized controlled trial to compare the efficacy and thermal comfort of the Suntouch™ radiant warmer and forced-air warming in patients at high risk of hypothermia during neuraxial blockade. With ethics committee approval, 60 patients having transurethral resection of the prostate under spinal were randomized to either radiant warming or forced-air warming. All intravenous and irrigation fluids were warmed but pre-warming was not used. The final intraoperative rectal temperatures for the radiant warming and forced-air warming groups were 36.1°C and 36.4°C respectively (P=0.03). A large proportion of patients in both groups (46% and 33% respectively, P=0.3) were hypothermic (<36°C) on arrival in the post-anaesthesia care unit. No other patient variables were significantly different. Neither warming device reliably prevented hypothermia, although forced-air warming was slightly superior.
even mild perioperative hypothermia (35.5°C) is linked to complications as well as patient discomfort postoperatively 1 . In the first hour of anaesthesia, core temperature usually decreases markedly, mostly due to redistribution of body heat from core to periphery rather than heat loss. Active warming is usually required to maintain core temperature >36°C during general anaesthesia 2 .
Temperature is infrequently measured intraoperatively during neuraxial anaesthesia, although these patients appear to cool at a similar rate 3 . Indeed the temperature may continue to drop in the postanaesthesia care unit (PACu) due to inability to vasoconstrict or shiver below the block level 2 . Advanced age and height of block appear to be important predictors of hypothermia after subarachnoid block 4 .
Forced-air warming is in widespread use for intraoperative active warming, but during a short procedure may not effectively correct the initial redistribution fall in temperature 5 . Furthermore, during neuraxial blockade, use of an upper-body warming blanket may be less effective due to relative isolation of the core by compensatory vasoconstriction 6 .
A new radiant warming device (Suntouch™, Fisher and Paykel, Auckland, new Zealand) has been proposed as an alternative to forced-air warming with savings in disposable costs. The Suntouch™ ( Figure  1 ) is a skin temperature servo-controlled radiant warmer that is directed at areas rich in arteriovenous anastomoses (i.e. face, palms or soles), inducing an increased blood flow to the warmed area. This is described further in the appendix.
A recent study in female laparoscopic cholecystectomy patients using the Suntouch™ directed on the patient's face versus forced-air warming suggested there was no difference between the two methods 7 . Another comparative study in longer operations under general anaesthesia, this time using the Suntouch™ on the hand, showed no difference over the first hour, but significant superiority of forced-air warming at the end of the procedure 8 .
To further evaluate the Suntouch™, we undertook a randomized controlled trial comparing it with forcedair warming in patients undergoing transurethral resection of the prostate (TuRP) under spinal anaesthesia, a group known to be at high risk of hypothermia. evaluation included an assessment of thermal comfort, as these patients were conscious.
mATeRIALS AnD meTHoDS With research ethics committee approval and written informed consent, 60 male patients scheduled for day of surgery admission and elective TuRP under subarachnoid block were recruited at Auckland City Hospital between September 2002 and April 2004. exclusion criteria included: 1) age less than 55 years or greater than 90 years, 2) thyroid dysfunction, 3) weight less than 50 kg or greater than 120 kg, 4) ASA physical status >III, 5) indwelling urinary catheter or urinary tract infection, 6) core temperature ≥37.5°C.
A prospective sample size calculation stipulating a clinically important difference of 0.3°C in rectal temperature at the end of surgery (the primary outcome variable) suggested that 28 patients were required in each group (a=0.05; b=0.2; standard deviation=0.4°C). Patients were randomized to either radiant warming (directed at the palm of the hand; Suntouch™, or forced-air warming (upper body; bair Hugger™, Augustine medical, Prairie, mn, u.S.A.), using random number tables. Randomization results were concealed in opaque envelopes until after consent was obtained.
no preoperative warming or sedative premedication was used. Warming of intravenous fluids (41°C, Hotline™ directly connected to intravenous catheter) and irrigation fluids (42°C, warming cabinet) was standard for all patients. Procedural anaesthetists determined the volume of intravenous fluid administered to individual patients. Subarachnoid block using bupivacaine was performed at a time designated T0, after which sedation was given at the discretion of the anaesthetist. Warming was instituted as soon as possible after the patient was supine using either an upper-body bair Hugger™ blanket set at 43°C or the Suntouch™ set at 41°C directed at the palm. The warming setting was reduced if verbal analogue score of general thermal comfort (VAS, scale 0-10, 10= extreme heat) exceeded 8 or by patient request. All patients with a core temperature <36.0°C received only forced-air warming in PACu.
Demographic and other data collected included age, body mass index (bmI), initial oral temperature, block height, sedation, volume of irrigation fluid and duration of surgery. A rectal temperature probe (Thermistor 400 series-mon-a-therm™, mallinckrodt) was inserted after subarachnoid blockade. Ambient temperatures were also noted. Verbal analogue scores of thermal comfort were obtained at intervals perioperatively and shivering in recovery was also recorded.
Demographic and anaesthesia data were described by the mean and standard deviation when normally distributed, and by the median and range if skewed. Comparisons of proportions between treatment groups were made using the c 2 -test or Fisher's exact test, where applicable. Linear regression was used to investigate whether the treatment had an effect on the temperatures at the end of surgery when controlling for demographic and anaesthesia factors. Differences in changes in core temperature over time in the two warming groups were investigated using general linear mixed models (GLmms) for repeated measures 9 . GLmms and regression models included age, bmI, block height at 20 minutes, transurethral irrigation, ASA, and either arrival theatre temperature for surgery or final theatre temperature for PACu.
All analyses were performed using SAS version 9.1 (SAS Institute Inc., Cary, nC, u.S.A.).
ReSuLTS
Five patients refused to take part in the study. Four patients were randomized but their data excluded; three of these had inadequate spinal block and proceeded to general anaesthesia, and the other was recruited before it was noted that he had an indwelling catheter. one patient in each group underwent examination under anaesthesia but not TuRP for surgical reasons, two in the bair Hugger™ group had unplanned lithopexy before TuRP and one in the Suntouch™ group had a simple urethrotomy; data from these patients was included. Data from the recovery room was missing in two patients from each group.
The two groups were similar with respect to demographics, conduct of anaesthesia and duration of surgery (Table 1 ).
temperature was not significantly different between groups, although both showed a significant (P<0.0001) decrease over time ( Figure 2 ). Intraoperative data was sparse after 60 minutes and was not further analysed. In the recovery room, rectal temperatures were similar, although the temperature dipped more in the Suntouch™ group (P=0.01).
Considering thermal comfort for patients, where data was available, the number of patients requesting the warming device be turned to a lower setting was similar in the two groups ( Rectal temperature at the conclusion of surgery (the primary endpoint) was significantly greater in the bair Hugger™ group, although in the first hour of anaesthesia mean temperature was similar. There was no difference in the proportion of patients arriving in PACu with rectal temperature <36°C ( Table 2 ).
In the first hour of anaesthesia the mean VAS-thermal comfort scores were not different over time in the two groups (Figure 3 ).
DISCuSSIon
our data demonstrated that the forced-air warming device produced a higher core temperature than the Suntouch™ at the end of TuRP surgery under spinal anaesthesia. However this difference did not emerge until after the first 60 minutes of anaesthesia. This is in accord with the two previously reported comparative studies of the Suntouch™, both in patients under general anaesthesia. In the first, Wong et al found no difference in temperature at the end of a procedure lasting about one hour 7 . In the second, Lee et al deliberately chose longer operations and found forced-air warming more effective by a margin similar to that seen in our study 8 .
It is possible that the characteristic initial fall in core temperature over the first hour of anaesthesia, largely due to redistribution, was not modified by either of the warming methods used in this study. We cannot directly confirm or refute this, as we felt it was unethical to have a control group without active warming in a group at high risk of hypothermia. Historical comparisons suggest that a reduction in initial temperature drop was achieved by forced air warming and possibly by the Suntouch™, as discussed below.
Firstly, considering the magnitude of temperature drop, a search of medline and Cinahl found only two comparable studies in TuRP under spinal anaesthesia in which no intraoperative warming was used 10, 11 . In both, irrigation fluids were warmed (33-37°C) but intravenous fluids were administered at ambient temperature. Dyer and Heathcote found that the lowest oral temperature was reached 30 minutes after resection had ended and represented a fall of 1.1°C from pre-spinal values 10 . For comparison, our patients showed a considerably smaller change in oral temperature from pre-spinal to PACu values (0.1°C forced air warming, 0.2°C Suntouch™. However, Pit et al reported a fall of 0.74°C from rectal temperature measured just after spinal block to lowest temperature recorded 11 , which is identical to the absolute drop seen in both our groups from initial rectal temperature to lowest (in PACu).
Secondly, and more importantly, the time course of temperature changes observed in our study suggests heat loss was reduced. Patients undergoing spinal anaesthesia, in contrast to general anaesthesia, usually continue to cool until the block recedes 1 . This was seen in the following studies where graphical temperature trends were presented in patients under spinal anaesthesia: Dyer 10 (TuRP), Cattaneo 12 (open radical prostatectomy), Kasai 13 (peripheral surgery), Szmuk 14 (range of major procedures), and Widman 15 (hip arthroplasty). In contrast, our patients manifested a clear temperature plateau within 50 minutes of spinal blockade and while resection was continuing, and in the case of the forced-air warming group, began to rewarm by 60 minutes (Figure 2 ). Furthermore, rectal temperature fell once more when heating was discontinued during the transfer to PACu. Application of rescue forced-air warming for rectal temperature <36°C then resulted in convergence of temperatures in the two groups ( Figure 2) .
We propose two reasons for the superior performance of the bair Hugger™ in maintaining core temperature in our study and in longer procedures.
The first relates to the greater reduction in radiated heat loss from a patient covered with a forced-air warming blanket at a temperature of 43°C compared with the cotton blanket used on the Suntouch™ group. Radiation accounts for the majority of heat energy loss during surgery.
The second reason is the negative feedback system built into the Suntouch™ for safety reasons, which adjusts power output according to the temperature of skin in its beam (see Appendix). This limits potential inTraoPeraTive PaTienT Warming heat transfer, whereas the bair Hugger™ has no built-in negative feedback and continues to raise core temperature as long as heat transfer exceeds heat losses.
A criticism of our study is the use of rectal temperature to estimate core temperature, particularly during prostatic surgery. Rectal temperatures may indeed lag behind core temperature changes where these are rapid and profound, but a study in patients undergoing radical prostatectomy demonstrated that rectal temperatures were highly accurate compared with tympanic membrane thermocouples 12 . It is also possible that warmed irrigation fluids could increase rectal temperature during transurethral prostatic resection, but analysis using a linear regression model in our study showed that increasing volume of irrigation fluid was predictive of a lower rather than higher core temperature.
We used changes in core temperature as surrogate for changes in total heat content. A change in heat content may not be reflected in a change in core temperature depending on the variable extent of vasodilatation and hence magnitude of core-toperiphery temperature gradient. estimation of total heat content using multiple temperature sensors would more reliably assess the efficacy of the warming devices.
The standard deviation of rectal temperature (0.6°C and 0.5°C) in this randomized controlled trial was slightly greater than the one used in power analysis (0.4°C), which was based on an audit carried out in the same hospital monitoring temperature on arrival in PACu after TuRP. We attribute the discrepancy to the shorter time span of the audit period compared to the actual trial. Seasonal changes may account for the variability of temperature with less redistribution of body heat during summer.
Taking the data on thermal comfort and shivering together, our study confirms the lack of thermal awareness experienced by patients under regional anaesthesia 16 . Very few patients felt cold or shivered despite falling core temperature, emphasising the need to measure and anticipate hypothermia. A significant proportion of patients actually felt overly warm but this did not differ between the warming methods.
An extremely important observation is that neither warming method was satisfactory in maintaining temperature, as a large percentage of patients in both groups were hypothermic in PACu. This occurred despite meticulous covering of patients, warmed fluids and unremarkable ambient temperatures. Furthermore, patients were admitted direct to the operating rooms after relatively short fasting times and remained in street clothes until shortly before surgery. Prevention of hypothermia in our patients would appear to require additional measures, such as active pre-warming.
In conclusion, patients warmed with the Suntouch™ radiant heater compared with forced-air warming showed similar temperature changes over the first hour of spinal anaesthesia but a lower temperature by the end of surgery. Patients remained thermally comfortable despite a drop in core temperature. neither method of warming reliably prevented hypothermia in this group of elderly patients. The Sun-touch™ may have clinical application when skin surface available for forced-air warming is restricted. Its use in short procedures requires further investigation to confirm whether it ameliorates redistribution hypothermia. other areas meriting evaluation include efficacy in active pre-warming, and any additive effect when combined with forced-air warming intraoperatively.
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